-1- FI BER OPTI C CONNECTOR ELEMENT Background of the Invention 1. Field of

the I nvention 5

The present invention generally relates to

connectors, and nore particularly to remateabl e connectors for opti cal

wavegui des such as f

i bers used in tel ecommuni cations. 2. Description of the

Prior Art ManywgioRg{sgs node discrete fiber optic connector pl H?ﬁﬁgﬁM§ in

use 10 today contain precision cylindrical ceramc ferrules

at are

nounted in the connector plugs. Bare glass optical fibers are bonded in

close fitting axial

bores in these fernilesy and the fiber and ferrule tips

are polished to provide low insertion | oss and back reflection connections.

The connector housi ngs used w B NNEETOR! pl ugs may contain
split ceram c sleeves which center and align the Terrules when the 15

conngctor plugs are

i nserted into opposite ends of the housing. Alignnment

of the ferrules graj: nlidP eV edficn ©f the fibers into alignnent providing
relatively Iowinse%m—ﬁcgs.—gpﬂngs I n the connector plugs force the

pol i shed fiber end f
| ow back reflection.

avai | abl e that® contain angt® PEEMIREFIPLEN

aces inhiField of thedtventient act whi ch provides relatively
Versigns of cerapic f%ulﬁ connectors are al so
/

Telpfss O Ganpectotfiapmoffen 20

mated with sin | panic@imAGirematedbidconndtiory for Optival waReRlides!sool £ Kpks aliipct i on.
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fRlecommypicat#onsng i nproving i n performance within the past

few years. This downward pjipeschiptidibfitie BigP@st €d to continue as the cost of

ceramc ferrul es and

Many singie mode discrete fiber optic connector plug designs in use

10 today contain precision cylindrical ceramic ferrules that are mounted in the connector

plugs.

Bare glass optical fibers are bonded in close fitting axial bores in these ferniles,

and the fiber and ferrule tips are polished to provide low insertion loss and back

reflection connections. The connector housings used with these ferrule connector

plugs

may contain split ceramic sleeves which center and align the ferrules when the

15 connector plugs are inserted into opposite ends of the housing. Alignment of the

ferrules brings the centers of the fibers into alignment providing relatively low insertion

loss.

Springs in the connector plugs force the polished fiber end faces into intimate

contact which provides relatively low back reflection. Versions of ceramic ferrule

connectors are also available that contain angle polished ferrule/fiber tips which, when

20 mated with similar connector plugs, provide extremely low back reflection.

‘Single mode discrete fiber optic connectors containing ceramic ferrules

have been dropping in price and improving in performance within the past few years.

This downward price trend is expected to continue as the cost of ceramic ferrules and

ceramic alignment sieeves drops; however, there is expected to be a lower limit on the

25 price of fiber optic connectors, which is related to the lower cost limit on the ceramic

ferrules and sleeves. Also, most single mode ceramic ferrule connectors in use today

are factory installed on fiber pigtails or jumper cables. These connectors pigtails are

30

usually fusion or mechanically spliced onto fiber optic cables. Because of the difficulty
in bonding fibers in ceramic ferrules, and then precisely polishing the tips of the fibers,

very few ceramic, ferrule single mode connectors are field instalied. Thus, the
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element is usually rectangular, and is created by blanking the element from its carrier
10  strip. A bend-focusing groove divides the rectangular element blank into two equal,
generally rectangular areas or plates. At least one of these plates contains a V-shaped,
.ﬁbe_r-locating and clamping groove which runs parallel to the bend-focusing groove.
The V-groove depth is such that a 125 um fiber located in this groove would project
out of the groove by about 50 um.  Funnel shaped fiber lead-in grooves are provided
15 at each end of the fiber-locating V-groove. The opposing plate also contains funnel
shaped fiber lead-in grooves located the same distance from the bend-focusing groove
as the funnel shaped lead in grooves in the first plate.
The flat Fibrlok blank is folded along the bend-focusing groove until
one plate is at approximately at a 5 to 10 degree angle with respect to the other plate,
20 creating a structure consisting of two essentially rigid plates containing inwardly
facing, fiber-clamping V-grooves that are joined along one edge by a hinge which
operates elastically for small ranges of plate motion. When used in a Fibrlok splice,
this folded V-shaped element is located inside a plastic jacket having end ports that are
in alignment with the fiber-locating and clamping V-groove in the element. A plastic
25 cap fits over the outside edges of the open element plates or legs. The cap contains a
tapered recessed area that slides down over the outside of the element legs when the
cap is closed, causing the two legs of the element to move together which clamps and
centers a pair of fibers located within the V-groove.
Ductile aluminum was chosen as the material for choice for Fibrlok
30 elements b_ecause of its low cost, and its ability to be easily embossed and then folded

without cracking or breaking. In addition, the ductility of the aluminum enabled it to
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then fol ded wi thout cracking or breaking. Ion, the ductility of the
al um num enabl edcénnector. Another weakness identified for aluminum elements was their relatively

10  high coefficient of thermal expansion. This expansion can cause the clamped fiber
endfaces to actually come apart at higher temperatures. Although this is less of a
concern if the connection is assembled at room temperature, it is more of a concern if
the connection is assembled at very low temperatures.

Still another potential weakness of an aluminum element is the difficulty

15 encountered when attempting to clean it following the various embossing and folding
operations. When the V-grooves and lead-in cones are created in the aluminum
element strip material, small flakes of aluminum are often generated that adhere to the
side walls and edges of the V-groove. Small particles or flakes of aluminum are also
generated along the bend-focusing groove when the element is folded. If any of these

20 flakes or particles of aluminum become dislodged during insertion of bare fibers into
the element, they may become attached to the one of the fiber end faces and block a
portion of the core, severely affecting insertion loss. Attempting to clean the fiber
locating V-grooves in soft ductile aluminum before folding often damages or scratches
the V-groove. Abrasive cleaners cannot be used because they become embedded in

25 the soft aluminum side walls of the V-grooves. Cleaning the element after folding is
virtually impossible because of the small spaces between the legs of the element.

. Still another potential weakness of the folded aluminum element is that
it is necessary to very carefully control the distance that the legs of the element are
closed during the fiber clamping operation. If the legs are closed too far, the hinge of

30 the element can be sprung open, and the element will not be able to clamp the fibers on

subsequent actuations. Furthermore, when fibers of different diameters are used in the
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bl ock a Summary of the Invention
The present invention provides a ferruless, bare fiber connector
generally comprising a receptacle and two plug assemblies, the receptacle including a
fiber clamping element movable between open and closed states, a guide tube having a
15 pocket for receiving the clamping element and camming surfaces for actuating the
clamping element, a base having an interior for receiving the guide tube, and a cap for
securing the clamping element in the pocket and for securing the guide tube in the
interior of the base. Each plug assembly is adapted to mate with the receptacle, and
includes a plug housing, a collet securing a portion of the bare end of a fiber within the
20 plug housing and positioning the bare end of the fiber at the forward end of the plug
housing, and a camming finger attached to the forward end of the plug housing and
extending outwardly therefrom, located such that when the plug housing is fully
inserted in the receptacle, the camming finger forcibly abuts the camming surfaces.
Latching features are preferably provided on the plug housings and the receptacle to
25 removably securing the plug housings to the receptacle, i.e., the connector is
remateable.
The pocket in the guide tube of the receptacle may be sized to allow the
clamping element to rock within the pocket, and the camming surfaces located such
that, when only one of said camming surfaces is actuated, the clamping element rocks

30 to aside of the pocket opposite the one camming surface and remains in the open
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preload condition on the bare end of the fiber when the plug housing is inserted into

10 the receptacle. The size and shape of the camming finger is selected to actuate the
camming surfaces only after the bare end of the fiber has been fully inserted in the
receptacle.

' The connector of the present invention is particularly suited for cleave-
and-bevel installations and, by compressive loading of the beveled fiber endfaces prior

15 to clamping, achieves superior performance in terms of both insertion loss and back
reflection. The endfaces elastically flattened against one another, and exclude all air
between the fiber endfaces. The endfaces may optionally be cleaved at an angle to
further improve back reflection.

The receptacle may employ a prior art clamping element, but a novel

20 element is presented herein which imparts additional advantages in the manufacture
and use of the connector. This new clamping element has two plate members each
having a fiber-contacting surface, with at least one of said fiber-contacting surfaces
having a fiber-receiving groove formed therein. Edges of the plates are aligned and
held together with a split tube spring. At least one of the plate members is preferably

25 tapered in thickness toward the secured edge, so that the plates are spaced apart at the
ends opposite the clamped edges. At least one of the plate members is provided with a
wire-receiving groove and a wire therein, generally parallel with the fiber-receiving
groove, which acts as a fulcrum to allow the plates to pivot along an axis defined by
the wire. The split tube spring provides a precisely controlled load along the edges of

30 the plates, allowing the opposite ends to be clamped together (within the guide tube)

by a force sufficient to overcome the controlled load of the split tube spring. The



ferrule connectors. 10 Summary of the Invention The present invention
provides a ferruless, bare fiber connector generally conprising a
receptacle and two plug assenblies, the receptacle including a fiber
cl anpi ng el enent novabl e bet ween open and cl osed states, a guide tube

having a 15 pQséferhgdr receiving the clanping el enent and c ) aces
for actuating the clanping elenent, a base having an interi o?&g&%’@é‘{vi ng

t he gui de tube, and a cap for securing the clanping elenent in the pocket
and for securing the guide tube in the integfior of the base. Each plug
assenbly is adapted to nmate with the receptacle, and includes a plug
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that the fiber end can enter the fiber alignment element without hanging up.
10
Brief Description of the Drawings
The invention will best be understood by reference to the accompanying
drawings, wherein: .
Figure 1 is a perspective view of one embodiment of the fiber optic
15 connector of the present invention;
Figure 2 is a side elevational view of the connector of Figure 1;
Figure 3 is a top sectional view of the connector of Figure 1;
Figure 4 is an exploded perspective view of the connector of Figure 1;
Figure 5 is a side elevational view of an alternative fiber aligning and
20 clamping element as taught by the present invention and usable with the connector of
Figure 1;
Figure 6 is a perspective view of a connector storage tray containing
several of the connectors shown in Figure 1;
Figure 7 is a perspective view of another connector constructed in
25 accordance with the present invention and designed for panel mounting;
Figure 8 is a perspective view of yet another connector constructed in |
accordance with the present invention in a duplex design; and
Figure 9 is a perspective view of still another connector constructed in
accordance with the present invention, having a plug and socket instead of two plugs

30 and a common receptacle.
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in the manufactu Eﬁnnectmg fibers of identical size. Connector 10 may be used for single-mode or

10 multi-mode fibers.

Details of the construction of receptacle 12 and plug assemblies 14 and
16 are shown in Figures 3 and 4. Plug assembly 14 includes a tubular fiber protector
22, a protector spring 24, a collet 26, a collet housing 28, a collet ring 30, a collet
spring 32, a plug body 34, a plug body spring 36, a plug housing 38 and a strain relief

15 boot 40 (not shown in Figures 2 and 3). All of these components, exéépt for the
compression springs, are preferably constructed of a durable, injection-moldable
polymer such as polyether sulfone (PES), polycarbonate (commercially known as
LEXAN), polyarylsulfone (sold by Amoco under the brand RADEL), polybutylene
terephtalate (PBT), polyphenylene sulfide (PPS), polyether ether ketone (PEEK),

20 polyether imide (PEI), liquid crystal polymers, or acrylonitrile butadiene styrene.
These parts fit together in the sequence illustrated in Figure 4. Fiber protector 22
slides in and out of plug body 34 and is biased by spring 24 toward the front end of
plug assembly 14, i.e., toward receptacle 12. Bumps or tabs 42 project from the skirt
of fiber protector 22 to engage slots 44 formed in the sides of plug body 34, to prevent

25 protector 22 from completely escaping plug body 34, and to prevent protector 22 from
rotating. The forward tip of fiber protector 22 has a wall with a hole that is concentric
with the outer diameter of the forward tip, and approximately 0.05 mm (0.002”) larger
than the diameter of the fiber. The terminal end of fiber 18 slides through this hole and
is precisely located as protector 22 moves into plug body 34 when plug assembly 14 is

30 inserted into receptacle 12. Closely aligning the end of the bare fiber with the entry

feature on the clamping element prevents damage to the bare end of the fiber during



and use of the connector. This new cl anpi ng el enent has two pl ate nenbers
each having a fiber-contacting surface, with at | east one of said

fi ber-contacting surfaces having a fiber-receiving groove forned therein.
Edges of the plates are aligned and held together with a split tube spring.

At | east one of te menbers is preferably 25 tapered i | C S
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toward the secured edge, so that the plates are spaced apart

opposite the clanped edges. At |east one of the plate nenbers is provided
with a wire-receiving groove and a wire thegein, generally parallel with
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the bare gl ass f iréspect toplug baely 34 against the other preload spring 36. Boot 40 provides bending

10  strain relief for the fiber buffer exiting the back end of the plug.

Plug assembly 16 includes a similar fiber protector 46, a protector
spring 48, a plug body 50, a plug body spring 52, a collet 54, a plug housing 56 and
another strain relief boot 58 (not shown in Figures 2 and 3). All of these cﬁmponents
(again except for the compression springs) are also preferably constructed of an

15  injection-moldable polymer. As with plug assembly 14, fiber protector 46 is retained in
plug body 50 by externally projecting snap features, and is allowed to slide but not
rotate. Spring 48 preloads protector 46 toward the front end of the 900 um plug
assembly, i.e., toward receptacle 12. Collet 54 fits inside plug body 50 and clamps
onto the 900 um fiber buffer when the collet is fully seated axially into the back of plug

20 body 50. -Plug housing 56 also snap-fits over plug body S0 for restricted sliding
miotion, and spring 52 provides a preload between plug housing 56 and plug body 50.

The plug assemblies have features on mating internal components that
allow for complete factory assembly of the plug units to reduce field part count and
maximize ease of installation. These features allow the installer to simply prepare the

25 fiber end as prescribed and insert it into the plug assembly and, by means of a small
tool, fully retract the protector which activates the collet and secures the fiber to the
plug assembly, thereby terminating that fiber for connection. In the event of fiber
breakage, these features provide means to deactivate the termination by dislodging the
collet in an assembly tool and allowing the fiber to be removed. The fiber end can then

30 be prepared again and reinstalled as previously stated.



cl eaved/ bevel ed fiber end face, and provides guiding and alignnment features
that ensure that the fiber end can enter the fiber alignnent el enent

wi t hout hangi ng up. 10 Brief Description of the Drawi ngs The invention wll
best be understood by reference to the acconpanyi ng draw ngs, wherein:

Figure 1 is a Rglhsppesi ve view of one enbodi nent of the fibepcHpbdsiossss
connector of the present invention; Figure 2 is a side elevational view of
the connector of Figure 1; Figure 3 is a top sectional view of the
connector of Figure 1; Figure 4 is an explodgd perspective view of the
connector of Figure 1; Figure 5 is a side elevational view of an

alternative fiber aligni ngpad:2fd ﬁlir?c’iﬂﬂiepgb%!egm?@ Mﬁdgttg&ar esent

i nvention and usable with the connector o ure Figure
perspective vi ewand a elampingetement 66. daxg 60 andgapddnogether faymghe/ekesior portiomof

connectors shown jn Fiqure 1. Figure 7 | erspective Vi f _anot her

connector constr Mrg&epﬁfiﬁ 3“%@&?%&‘8‘%1“% EBE{@“ %g’éﬁﬁﬁowﬁgﬁ‘% %‘ﬁ“g%d

desi gned for pan@uiddaubs 64'say lis@bé forMed 6F sacH@ isjectionimsldablemateral. yGhide tubk her

connector constructed in_accordance with the present inventiqn in_a duplex
]

design; and Fi%gu6d soap-fits intp hesqeater of, eeceptanle base §0,iang hasritcHiar end pRABLALH
o Ut ) AL USSR ey Y Bt
guide tube 64.
Clamping element 66 is preferably embossed from a metallic material,
and utilizes V-groove technology similar to that shown in U.S. Patent No. 5,189,717.
10 Clamping element 66 consists of two generally flat plates that are attached along their
long edge by an elastic hinge. The plates would normally be opened slightly about the
hinge axis, preferably at an angle of approximately 1 to 8 degrees. The interior
surface of one of the plates has a fiber alignment V-groove and half of the fiber lead-in
(a funnel shaped impression) positioned at each end of the V-groove where it exits the
15 outside edge of the plate, at a distance from the hinge of approximately 1/4 of the
width of the plate. The V-groove is parallel to the hinge. The interior surface of the
other plate is generally flat with the exception of the other half of the fiber lead-in
funnel which is aligned with the lead-in details in the opposite plate. The fiber lead-ins
assure that the fiber is smoothly guided into the V-groove in the element when plug
20 assemblies 14 and 16 are inserted into the connector receptacle.

The fiber alignment and clamping V-groove is embossed to a depth in
the element plate so the outside surface of the fiber will project out of the V-groove by
approximately 20% of it diameter. Thus when the plates or legs of the element are in
their open or spread apart position, there is enough space between the flat surface of

25 one of the plates and the sides of the V-groove in the other plate to enable a fiber to be
inserted into the ends of the V-groove, and slide along in the V-groove without
significant resistance. The fit between the V-groove and opposite plate surface is not
large enough however to allow the fiber to come out of the V-groove, or for two
beveled fibers to overlap when inserted from opposite ends of the V-groove. When

30 the top edges of the two plates opposite the hinge are pushed together, the spacing
between the opposing plate and the V-groove becomes smaller. In its relaxed
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-7- Description of the Preferred Enbodi nent Wth reference now to the
figures, and in particular with reference to Figures 1 and 2, there is
depi ct ed one enbodi nent 10 of the fiber optic connector of the present

I nventi on. O is generally conprised of a housing or receptacle 5
12 havi ng tmonagﬁnﬁéﬁ s which receive, respectively, two pIu§c3§§ %es 14
and 16. In the enbodi nent shown, plug assenbly 14 is designed for a 250
[err] optical fiber 18, while plug assenbl y 16 I s designed for a 900 pm
optical fiber 20. Wile connector 10 is suit%bl e for the |nterconnect|on of

di ff t fib ' ' O ect f

Mdenti cal i e GuiabaubdfihofOHe S0 RELGE Y clihi ble sblad ARBRELh Ifhet odRlHe O |

fibers. Details aﬁopﬁmlﬁhmmhwmﬁminnprpeﬂ&m&mmhelgthdWeF}dgﬂtﬁswtbt I : es 14
d 16 h F 3 and 4 u i ncl udes _a tupul ar

?lnber p?(r)'?ezt grnéé%ég’g[ﬁsgféwgp@mﬁg' 128“% é‘!ﬂqeéf' r ofghe element.| Kherdhsi ng

28, a collet ringlegient ifact@dtbddr chidéd (a8 exblained le'o*g?. zﬁ&ég/s of the efenttnt/Sre PASHEd

spring 36, a plug housing 38 and a strain reli oot 40 (not "shown in

Figures 2 and %) fogether 8?0‘4 %9@‘@6%%@ ﬂb@m@lamm in Ihe%zmpm% iscalgo
Ty ns” ser RS i RORBY FuRLR i efn it Eynd OGR! R BIRAED, o,
as LEXAN), pol yaplatesu lln‘ml}ebe(mdmnthgbgusm:eﬁ:mnhbse gtobemtbyalad:piﬁglafshtle ﬁber
pol ybutyl ene between them at the factory to provide more uniform groove surface finish and
alignment of fibers. Multiple grooves may be formed for use with fiber ribbon.

10 The fiber Alignment and clamping element 66 illustrated in Figure 4 has
been designed to be fabricated from a single sheet of metallic or pdlymeric material
using, e.g., embossing, blanking and folding processes. This element is very similar to
the element used in the Fibrlok fiber optic splice. However, it is possible to provide .
other designs, such as an element that consists of two separate plates that are attached

15 by a spring tube, as detailed below.

Clamping element 66 fits into a pocket 68 in the top of guide tube 64.
Flexible hinged flaps containing camming surfaces 70 and 72 on their upper outside
edges are provided on either side of pocket 68. The camming surfaces contact
corresponding camming surfaces on actuating fingers 74 and 76 which project from the

20 front ends of plug housings 14 and 16, respectively, as the plugs are pushed into the
receptacle. The camming surfaces on plug fingers 70 and 72 contact the outside of the
element camming flaps 70 and 72 and push the flaps together when both plug
assemblies 14 and 16 are fully inserted into receptacle 12.

In their open position, there is enough space between the flaps for the

25 element to pivot or rock from side-to-side, preferably through an angle of
approximately 5 to 10 degrees. If only one plug assembly is inserted, the actuating
finger from the plug housing pushes the corresponding camming flap toward the
centerline of pocket 68, but since the other flap is not contacting anything, element 66
rocks off to one side of pocket 68 and so element 66 does not close on the fiber or

30 clamp it in the V-groove. When the other plug is inserted, however, its actuating
finger pushes the opposing camming flap back toward the centerline of pocket 68 and,



terephtal ate (PBT), polyphenylene sulfide (PPS), polyether ether ketone
(PEEK), 20 polyether imide (PElI), liquid crystal polyners, or
acrylonitrile butadi ene styrene. These parts fit together in the sequence
illustrated in Figure 4. Fiber protector 22 slides in and out of plug body
34 and is bias ring 24 toward the front end of plug a ,
I.e., toward rg'g’egglt@é?e 12. Bunps or tabs 42 project fromthzég}lﬁlg#%%gﬁ

fi ber protector 22 to engage slots 44 forned in the sides of plug body 34,
to prevent 25 protector 22 fromconpletely escaping plug body 34, and to
prevent protector 22 fromrotating. The fortthrd ti p of fiber protector 22

has a wall with a_ ho ' i i t he out er dj r e
forward tip, and%m{e&%%gﬁt?}s ’%WO%?%?@%&}&F% é'?%msalﬁ‘%ﬁeté&&tg%ger of
the fiber. The t elose andlclampctheofibers fesidingGn el Vigroovir Thighillidfitis recdssarp fiberi S
precisely located as .protegctor 22 noves.into plug, body 34 whe | u .
assenbly 14 is 38t %r@‘@ﬁ“&?ﬁ"&”ﬁ“@c clarpping; 9per. 5%%%9’3‘?'?“&5&1@“5&’@"@% of
the bare fiber V“aﬁd"re’iﬂ%@al?ﬁéieéﬁ. TafchiipTedtirel Bf tiel AT rwr&bgﬁasbadarm\mbﬁg
darmage to the bare end of the fiber "durin WO 97/0178

PCT/ US96/ 089805 - bousings 38 and:dh removablysesureplugsssenshlies hearidol6to reseptanle 12.
prot ector ensure r ' fLher.i e
protector prior os];'gir?%/' O\E\A&t it raevvappg’%s ﬁ'g‘gmlé?éégt%p grg ‘%F%%%ts I?kem?eesédeegtrog%#e,

protecting the bphg honsing3$8 irdes6fto biide unflbeethe SHichyortions of tHeuhimb releasedhtahgsed i n
the 3-jaw collet 26 that fits inside of .coll et hqusing 28. lJ et 26 and
col l et housing 2 %cl?ﬁfh&ﬁ?ﬁha B thRy TRV bac t°getﬂ“mdh8(at£‘°

connector plug housings in position within the receptacle. To release each connector

10 plug, the thumb latches are pressed toward the connector plug body, disengaging the
latch portions from the tabs on the plug housings, and allowing the housings and
connector plug bodies to move back out of the connector receptacle.

Receptacle cap 62 snap-fits onto receptacle base 60 by means of
latching fingers 78, capturing element 66 and tube 64 inside base 60, and completing

15 the connector receptacle assembly. Cap 62 also contains surfaces and-wall structures
80 that back up the flat, non-camming, opposite side of actuating fingers 74 and 76 to
prevent the fingers from flexing outwardly from the force of contacting and camming
to close clamping element 66. This embodiment of the invention allows the cap to be
removed for replacement of clamping element 66 in the event that, e.g., a fiber breaks

20 offinit, or dirt contamination in the element. A small tool may be required to press
latching fingers 78 together so they can be disengaged from their mating holes in base
60, so as to free cap 62. Receptacle 12 and plug 14 may be provided with ridges 82
and 84 (Figure 1), respectively, to providing better gripping action for the thumb and
fingers. .

25 Referring now to Figure 5, there is depicted a novel design for a
clamping element 90 which has several advantages over the single piece element 66,
primarily because element 90 may be constructed from a wider variety of materials,
particularly those with greater abrasion resistance and hardness than the single piece
folded element 66. The new element 90 is generally comprised of two essentially flat,

30 rectangular plates 92 and 94 that are slightly tapered along one edge 96, 98. These

edges are shown flush with one another and, while this is preferred, it is not necessary



1.3 mm (0.05[err]) inside plug body 34 with spring 32 providing a prel oad
of the collet assenbly, toward the forward tip of the plug assenbly, of

approximately 0.9 N (0.2 Ibs). Plug housing 38 snap-fits over the outside
of plug body 34 and slides with respect to plug body 34 against the other

prel oad springwiporopmat 40 provi des bending 10 strain relief Csobbdesd | Per
buffer exiting the back end of the plug. Plug assenbly 16 includes a

simlar fiber protector 46, a protector spring 48, a plug body 50, a plug
body spring 52, a collet 54, a plug housingi6 and another strain relief
boot 58 (not shown in Figures 2 and 3). Al of these conponents (again

except for the c?n?ott)llmy&bpfrf&ﬂyhﬂgedbmﬂtﬁsﬂfmﬁenpﬂﬁf%eleme)fggﬁfbfgﬁammf an
15 injection-nolda ol ymer, As wt ug ass y , Tiher protector
46 is retained i ﬂeﬂrﬂ@"ﬁ tSGEM%P‘ﬁ‘EW’SW"é@TbFh@°§’n§ﬁ“§9@’a€ﬂ@é@s and
is allowed to sliiggamyiodie f&rﬂE@?%sﬁ?Ek@ng]eégn Qicﬁ'pﬁ?éi%tpgxghﬁ‘ktﬁaf siﬁf% %vard

the front end of the 900 [err] plug asSse y, Le., toward receptac
Collet 54 fits i relemgat platesjaridatithe3fpered ¢nd; |decnes grooves 104 and D5 qreforthed slightly

buf f wh h | | i s ful d jal Ly i back, of pl 20
ouTf et vhen {1 CoLL A0 Ldb BBl L G PR OL PLIS D
sliding notion, aasa Vishaped fodr BEalivi Sebcldnpigcdrosdt 108 WMV Shdped 1RE4LH gagk 226

and plug body 50. The pl ﬂ? assenbl | es haye features on mating internal
co(rjrpone][l_t sI fj hat ?P‘F'b‘\'&dé% cCOBREE. e Theppposity e‘f&%rﬁh‘?iﬁh?ﬁwpg cempanions t o
reduce field par thag! sﬁﬂ% ; : res
all ow the instal Ihgggt 0 Si Iﬂﬁlkgpé%é&’?ﬁiu&m#ﬁiggr g%?@g@?ﬁ%ﬁgﬁuand
insert it into t Isplitghbespasg dlhthe legsof which fitémto grovivesal 0drand 106 crothe bidkl side of

G SR R TN TR TR N
event of fiber bmeglbagermed)@fedn A pliteSfather theh fitt SRPISoveWitha Tt backhp t he
termnation by d istszrlfgc%g i’I‘rt]xge gpr;i%g 112 is preferably fabricated from a metallic material such as
beryllium copper or stainless steel, and is held opened slightly to fit over the element
plates and into the locating grooves. This design provides a slight force preload
15 condition to occur between plates 92 and 94.

An alignment and pivot wire 114 may optionally be inserted into
matching V-grooves 100 and 102 located in the thicker section of the tapered region
of the element plates. Wire 114 functions as a pivot or fulcrum hinge, and keeps both
plates 92 and 94 properly aligned when the outside edges of the plates opposite the

20 tapered sections are forced together during fiber clamping. In its open condition, the
tube spring pushes against the outside of each plate and forces the plates to be in
-contact at hinge wire 114, and also along the edged of the thin portion of the tapered
section of each plate. In the open position, the inside edges of plates 92 and 94 are
preferably located at an angle of approximately 5 degrees with respect to one another.

25 This amount of opening is large enough to allow a 125 um optical fibers to be easily
inserted from opposite edges of the plates into the fiber-locating V-groove 108. The
fibers have approximately 15 to 25 um of clearance between the two sides of the V-
groove, and the mating flat surface of the opposite plate. This amount of clearance
ensures that the fiber end faces (particularly beveled end faces) come into contact in

30 the V-groove without allowing the fibers to pass by one another at the center of the V-



collet in an assenbly tool and allowng the fiber to be renoved. The fi ber
end can then 30 be prepared again and reinstalled as previously stated.
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Receptacle 12 includes a base 60, a cap 62, an internal guide tube 64 and a
cl anpi ng el emagly off17s8ase 60 and cap 62 together formthe ex a0t | ON

of the receptacle, and may be constructed of any durable injection-noldable
pol ymer. Quide tube 64 may al so be forned of such an injection-nol dable
material. Quide tube 5 64 snap-fits into the center of receptacle base 60,
and has circular end ports that are aligned with the V-groove in clanping
el enent 66 when grbsveRduSHE Msertion. | The 1l e Qxa?bk! é&rwbsn fedturds! GAiThE flemé&i enent
66 is preferably enbossed froma netallic erial, and utilizes V-groove

t echnol ogy si mi | Riates ensure shat ghecfibarsieasily ester ther V-groave durng)the insertion priwess.

Cl anpi ng el enent 66 consi tached
al ong their | ong edge by m&%%’m nge rq%%&%f&q@%@éﬁ%ﬁ@%%;%w@
opened slightl y frdim oppdsire ediis of elemerit 90, mdathareﬂﬂﬁc&tcoﬁact&m§|aﬁotﬁér at
approximately 1 to 8, dea es The nt erior ﬁ.‘grggace ne of the plates has
a fiber alignierfPPRXIREEY e gepter ofthe GiFmeRt. 1S prskkaaliare 2uphefl Sevard g o
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the other half o
of the element plates are pushed together (as with element 66) causing plates 92 and

10 94 to initially pivot about the pivot wire, and causing the tapered edges of the elements
to move out of contact. At some point as the element plates move closer together,
the space between the fiber clamping V-groove and the fibers is reduced, and the fibers

. are clamped. Additional closing of the tops of the element plates finally causes the
plates to be in full contact with the fiber, and to move out of contact with the hinge

15 wire. The clamping force in the tube spring now accurately controls the clamping
forces on the fibers. In theory, any level of clamping force could be accurately
provided on the fibers by sizing the tube spring to provide this force; a force of about
44.5 N (10 Ibs) is preferred. If the fibers were slightly different in diameter, the tube
spring advantageously would elastically deform slightly more at one end than at the

20 other to accommodate fiber diameter mismatch. Thus element 90 is particularly useful
in bare fiber connectors such as the present invention that utilize axially preloaded
cleaved and beveled fibers.

Clamping element 90 has a number of advantages over the existing all
aluminum element especially when used in bare fiber connecting applications. In the

25 current Fibrlok element, the hinge and the element are integral and made of the same
material. Forming this hinge in the current element requires that the element material

. be very ductile ﬁﬁtially, and then be able to work harden to provide the elastic hinge
properties over a very short range of motion. This limits the number of materials that
are available for making the element in this design. In the new two plate element

30 design with the tube spring and hinge wire, the element plate material can be selected

on the basis of most desirable properties for fabrication to eliminate surface particles,



funnel which is aligned with the lead-in details in the opposite plate. The
fiber lead-ins assure that the fiber is snobothly guided into the V-groove
in the el enent when plug 20 assenblies 14 and 16 are inserted into the
connector receptacle. The fiber alignnment and cl anpi ng V-groove is enbossed

to a depth in nt plate so the outside surface of th Lher il |
project Qut of %%ﬁ‘{}?ﬂéﬁoove by approximately 20% of it di am&&ﬁ%ﬂg’%en
the plates or legs ofthe elenent are in their open or spread apart

position, there is enough space between the;flat surface of 25 one of the
pl ates and the sides of the V-groove in the other plate to enable a fiber

to be inserted i frabtdiiongesiktantd arddhardvesst® predent bt impreskondinGhE ViglodveQrea,
V-groove without signifjcant resistance. The fit between the V-gropve and

opposite plate sdereasectceanipg, forlpwcoeiieien ol thermma) expapsion(lassthar k2xXA0Ter to

come out of the Y; msggaéd% g}%ﬂ% L ]ﬁm;r

I nserted from opz)ébcglégig ends” o t‘;'ultee _grgg%@“ﬁgﬁ% 05\?91{ e td%%ﬁ]eﬁ%ggmb? t he
two plates opposinuehtwiderinanggef elemenp materials tanget dossiderédn eSamematedal bwhiclemay t he
8??8?7 gg bl at es arixgvé cpe%ire\t{;lg;gr%gevrges grce?erxrnee%t 36*51L1L§é étaiiﬂgsslsge%l, trit%tlﬁgmxed .9%\7)(3980

-10- (unact uat ed)glfYRd pbiiily soMe IRPETE] high AiffbR Folyinedt! EleriRhERAmiye cagauah
apart to enable an optical fiber to be inserted into opposite ends of the

V-groove so that tefabrirase thanpheregisting element basayss thesreqiijed bingeforming andfolding) at
e oL 0! o R F ek s Bl oy it i,
and because the element flats will be more robust and easier to clean. The separate
10 tube spring is expected to provide more uniform fiber clamping forces even when the
plates are closed over a wider range of displacements. Tube spring 112 has the
capability for providing the desired fiber clamping forces on the fiber even if the
element is closed further than is required. In the prior art element design, over-closing '
the element may cause the hinge to stretch or distort which initially produces very high
15 fiber clamping forces. On subsequent closings, the distorted hinge cannot provide
adequate forces to clamp the fibers in the V-groove.

Although the new element concept has been designed for primarily
connecting applications, it may also be useful in splicing applications, i.e., for the
permanent interconnection of optical fibers. The prior aluminum element in the Fibrlok

20 splice changes its length with temperature variations. This is believed to cause the
fiber end faces to move apart and back together slightly as the element changes length
during temperature cycling. The back and forth motion of the fiber end faces is also
believed to cause the index matching gel used in the splices to flow around the ends of
the fibers, and possibly create air bubbles or carry dirt particles in the gel between the

25 fiber cores and block some transmitted light. An element material with a very low
coefficient of thermal expansion would therefore be beneficial in eliminating the
potential for gel motion and associated formation of gas bubbles or conveying dirt
particles between the fiber end faces at the core region of the fibers, There have also
been instances in which the initial yield of assembled prior art splices has been reduced

30 because of manufacturing dirt or debris in the fiber clamping V-groove in the

aluminum element. An element, such as element 90, constructed from a material that



5 together about the elastic hinge, and the fibers are clanped in the
V-groove. It is also possible to provide an elenent in which

fi ber-receiving grooves are provided in both plates. It nmay be advant ageous
to preformthese grooves by clanping a single fiber between themat the
factory to prowgdgnimse uni form groove surface finish and ali R%ﬂﬂﬁ
fibers. Miultiple grooves may be forned for use with fiber ribbon.

The fiber alignnent and clanping elenment 66 illustrated in Figure 4 has
been designed to be fabricated froma singlg sheet of metallic or polyneric
material using, e.g., enbossing, blanklng and fol ding processes. This
element is very cswvha{stsxﬁ xﬁ&-s ngbmea tHot anﬁag@t@{ﬂewﬁgidoberw&m ic
splice. However, it is possible to provide other designs, Such as_an

el ement t hat conmrgqss tlsflmtlﬂ@ssmbbrrml«éomme@@g@ Rilow-lpss splices praduceds Bepause
spring tube, J I et 68
in the top of gw e%&g%ggffé’f%%t FZPA;E ﬁ'g%%m gg%s{gket‘gﬁt%@%ge‘gg%
surfaces 70 and efeinent) ittibiexpectep tiet a Gcleanerleleattgecould e providedifod splicigy. t her  si de

of pocket 68. The canm ng,surfaces t act orre ondj n anm n rfaces
on actuating fingers 74 ar:rz‘e P‘S?Bﬁ"é‘@? tcﬁ’éi"igseﬁf‘}%m“%@ s of
pl ug housi ngs 141&&&9@@&&@@1@@'&4%4&@9&&@m&ealf&hﬁwo%p the
receptacle. The camiing surfaces on plug fingers 70 and 72 contact the

outsi de of the eippliqatiensowithbaoth ﬁwaqbessmemntpzhamspﬁgw regeptacleqfsthisoget her
when both plug ae?x?u%ﬁﬂén? éc"bnﬂ&‘iiorjr@ce% aﬁlcfﬂld'oé!s %&Wéﬁd@é a?lyggog cle 12.

In their open position, ere 1s eno space between the 25
el enent to pi votmol.mtmgﬂbnger Mruhd'e:ohmns nnimtermiei\etyahdt)snaﬂﬁtsuw aaouating e of

actuating 11 aerPeRt BB ETRE RS Hohar mprp Bt BB R de A ot o g
flap toward the storage/fiber management tray 118 as shown in Figure 6. The outsule shape of this
tray mount connector embodiment has been kept as small as possible so that
connectors can be positioned adjacent to one another and occupy the very least
amount of volume. Tray 118 might contain up to 4 connectors. Posts 116 are hollow
15 so that a pin like tool may be inserted through the hollow portion to lift the connector
off the post and out of the tray for easy access to an individual connector. This system
is particularly suited for fiber-to-the-home applications. In the design illustrated in
Figures 1-4 and 6, the 250 um plug is spring preloaded but the fiber in the 900 um
plug is mounted in the plug solidly, and would not be spring loaded. Although the two
20 plugs of Figures 1-4 are of different designs, they could be the same design as long as
at Jeast one plug contains means for preloading one fiber against the other. The device
preferably subjects the terminal endfaces of the fibers to a compressive load of at least
0.09 N. The interior of tray 118 may be provided with one or more spools for storing
excess fiber slack. Very thin spools may be provided which stack onto a common post
25 molded into the tray floor (not shown) so that individual fibers may be separately
wound onto the spools and later accessed by removing the spools above the desired
fiber, without manipulating (and possibly damaging) the other individual fibers.
Figure 7 illustrates another embodiment 120 of the connector of the
present invention, configured with an externally projecfing mounting flange 122 having
30 mounting holes 124. Connector 120 is mounted on a connector panel (not shown) that

is part of fiber distribution equipment. Panel mount connector 120 may be positioned



centerline of pocket 68, but since the other flap is not contacting
anyt hi ng, elenent 66 rocks off to one side of pocket 68 and so el enent 66
does not close on the fiber or 30 clanp it in the V-groove. Wen the other
plug is inserted, however, its actuating finger pushes the opposing cammi ng
flap back towegygobpsgenterline of pocket 68 and, WO 97/ 0péPsos/ososo

PCTI US96/ 08980 -11- because the elenent is now forcibly abutting both
camming flaps, the elenment plates close and clanp the fibers residing in
the V-groove. Thus all of the necessary fibgg protecting, guiding,
centering, and clanping operations occur during the plug insertion and
renoval process. ohaemtes spgmﬁmhatreasble)easy fisgeo adcesssde individualcomiectotsavithaste 60 and

plug 5 housings 38 6 renmovably secur | ug assenblies 14 and 16 to
receptacle 12. ﬁé‘&?‘g JG‘F“‘?F@“E?BP%@E%VﬁET’ggS into the receptacl e causes
Labs on the si des of each Plghfks 100207 AR e osring fo 9 Plblent derkiah 1
portions of the thunb rel ease latches. \Wen the tabs clear t | at ch

portions, they novhichare g‘mmecmdxmtqﬁbmmme@oumqumsphgs in

Phar 1 at ches ar Fupr S BBRABE frore? ubndfRBef B R b Puilf S g "the
| at ch portions f rcofiéctor 10diave tsan tkitizqd to greme usiupies fibek Bonnattbrod30NThé he
recept acl o ReceeAcior SR 482 SpEEH piples omerice So) 0N SALGIBOBY e s of
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duplex connector housing or receptacle 136 contains two alignment elements and two
10  sets of entry ports for the internal fiber-guiding portions of the duplex connector plugs.
The fiber spacing for this design of connector is preferably about 8 mm.

The designs of Figures 1-4 and 6-8 are PLUG-HOUSING-PLUG
designs; however, it would also be possible to design a connector according to the
present invention that uses the same interconnecting methods as the PLUG-

15 HOUSING-PLUG design, but that would have one of the plugs permanently
integrated into the central housing. This style of connector 140 is referred to as a
PLUG AND SOCKET design and, as illustrated in Figure 9, generally comprises a
single plug 142 similar to plug 14 or 16, and a socket 144 containing a clamping and
alignment element 90 and functional parts of the other plug all combined into a single

20 unit. Connector 140 is particularly useful for those applications in which fiber
rearrangement occurs only on one side of the connector (in front of the panel for
example). The fiber on the other side of the connector (behind the panel) is permanent
and would not be rearranged. Combining one of the plugs with the alignment housing
to create a connector socket reduces connector part count, the size of the connector,

25 and potentially the cost of the connector. As used in the claims, the term “receptacle”
encompasses both the dual plug receptacle 12 and socket 144.

Use of any of the foregoing connectors is straightforward. When the
fibers have been beveled, cleaned, and inspected, they are installed into the connector
plugs. Beveling may be accomplished by, e.g., using the tools described in U.S. Patent

30 Application Serial No. 08/122,755. This is done by first installing one of the fully |

assembled empty connector plugs (not containing a boot) into a small actuation tool



15 the connector receptacle assenbly. Cap 62 al so contains surfaces and
wal | structures 80 that back up the flat, non-canm ng, opposite side of
actuating fingers 74 and 76 to prevent the fingers fromflexing outwardly
fromthe force of contacting and camring to close clanping elenent 66. This

enbodi nent of ‘{,Qg.,'%ﬁg;ntion allows the cap to be renoved forﬁé'%%’?@%ﬁm of
|

cl anpi ng el enent In the event that, e.g., a fiber breaks It
or dirt contamnation in the elenent. A small tool may be required to press
| atching fingers 78 together so they can bg,di sengaged fromtheir mating
holes in base 60, so as to free cap 62. Receptacle 12 and plug 14 may be

provided w th rbﬂﬂﬁﬁr&&!ﬁs’lﬂoiﬁﬂoﬁsﬁbﬂﬂ? Would ?:o%ﬁﬁmfeﬁﬁééfg? hY guidiflg HePrifiddd

better gripping action for the thu and Tingers. ) Ref erri ng
now to Fi gure 5fiberintodhe eongeqtoraiug 2hpraviding adengtiystop for the tip ofithe fbersbabatnt 90

whi ch has sever r i | I 66 | mard |y
because el enent d:% %Wgﬁ%%\éﬁﬁgsggb%r On#sgns%eggereco\%grgﬁg{@u%]@ grgi aéﬁ%ﬂng,
parti.cul arly t hemsoliettiterpabiaitis conhectsriphup inesdes tatlanp antd thafiskrbaffertdndn t he

i ngl [ fol ded el 66. Th | 90 i ; | | . i sed
of Do esqont] aPreY e ber o e sonarcrot Phs it tegse ofpifigues A FmpigE syt |
tapered al ong OMhe petPared EberISinseHes HRoRIANE fBErDeidiny Graid iféﬁ&bggi? ggd)ﬂﬁ vBet her

and, while this is preferred, it is not necessary WO 97/

PCT/ US96/ 08980 isishid dpya the fihey andeous of the ey Adfillyypsembied cannedter plug isithenduet
that effective ¢daesintf theMftalhtf¥inGSo12d the cleaved and beveled end of the fiber is inserted

into the back end of the connector plug. The fiber is pushed toward the fiber protector
10 end of the connector until the beveled tip end of the fiber contacts a stop gauge located
in front of the slightly retracted fiber protector. With the fiber in the desired position,
the craftsperson operates a handle on the installation tool which axially forces the
. collet into the collet housing, and permanently clamps the fiber buffer in the connector
plug body or in the spring loaded collet assembly, depending on which style of plug is
15 being assembled. _

It is deemed preferable to use the connectors of the present invention in
conjunction with optical fibers whose end faces have been beveled. The bevel angle is
preferably about 45°, i.e., an included angle of about 90°, although the included angle
may be in the range of 30°-160°. Beveling leaves a flat, central area on the endface of

20 the fiber, with a preferable diameter of between 20 and 120 um. The central portion
may be angled, i.e., non-orthogonal to the axis of the fiber, to reduce back reflections.

The connector plug is removed from the tool, and any strength
members (Kevlar strands) can be secured directly to the plug body of the 900 um style
connector plug using standard crimp rings, etc. The 250 um connector plug design

25 could also be used with reinforced cable types, but the plug body would have to be
extended to allow for a bow in the fiber between where it is clamped in the spring-
loaded coliet, and the back end of the connector. This fiber bowing region is necessary
because the spring loaded collet is pushed back in the connector body against the 0.9
N (0.20 Ib) preload spring to create the desired level of compressive preload on the

30 fibertips. A longer plug body (not shown) would have to provide enough internal

space to accommodate the additional fiber length, as a fiber bow, when the fiber is



generally aligned to effectuate the pivoting action describe bel ow. Shall ow
V-grooves 100 and 102 are forned in this tapered area on each plate. On the
back flat side of the elenent plates and at the tapered end, deeper grooves
104 and 106 are formed slightly 5 closer to the edge of the tapered end of
the el ement. Oypo#foridde flat el enent plates 92 has a V- shapegdridioéoseso

| ocati ng and cl anpi ng groove 108 with a V-shaped |ead-in port at each end
of the V-groove. The opposite elenment plate 94 has a pair of conpanion

hal f -cone shaped fiber |ead-in grooves 110.,4l ates 92 and 94 are held
together with a split tube spring 112 the legs of which fit into grooves
104 and 106 on thﬁldb&ﬁfnpﬂddemefoad&fmém&ttﬁﬁﬂ@ndxdﬁﬁenp&shm&kmmbove in
conjunction with el enen r.Qov be formed,. one in ea&h pl at e,

rather than j ust SHHECSF ’iwegqqngffl}e “glﬂa’i?l&h‘ﬂt?“%&f e tbRy 112 i s
f bly fab |
preferably fabri ﬁgfﬁagﬁthrﬁ? eBurdi 8 shﬂ@thggltrﬁﬁ ieﬁkf&?@l%lclg%r t Fg]-éé@?per or

st ai nl ess steel, I'S h d opened slightly to ment pl ates
and into the Iocaxmr@aypwcmwtlmiahwh&hshegmﬂ'ple(bﬁbdwsaisthegiackoﬁlhee pr el oad

15 di bet 2 d
wr e Ta s s Rk YERE A% R appEe. T tuiter ot Fivind GHESE i PiaRd 485
| ocated in the tHlecﬁbefsﬁﬁbér@[bvedmhh@eﬁeﬁﬂhﬁle{ﬁbéﬂg'bﬂ@n@iﬂéh&&hmhn@' ates.

Wre 114 functions as pi vot. or ful crum and keeps both plates 92
and 94 properly 8¢§d§ ﬁ%ﬁem@ﬁedtme-&mgﬁ dgad g of the plates opposite the

20 tapered sections are fepegaindRSSHIlR M&W&&%efwg%r%s@%h'ﬂoalcﬂnde&%r0pen
condition, the tube spring pushes against the outs each plate and
forces the plat eseqepxade of spckctnt'rdwﬁrﬁplusl(mgelms ipsetted intaathel rmlaumgmet he
edged of the ort| of t er.ed SSFL each at n.the open
posi tion, thei é”%‘cﬁg‘@%e‘%?’s 'q?%?r?dab %mgn 5}% spécebyxglgggﬁqey& (?ogf“éu at an
angl e of appr oxi Iﬂfmtﬁhpfﬂxeqmmdams thetfiber profeent td sidobaek mewthe plug body against

the compression spring, and the cleaved and beveled fiber to enter the V-groove in the

element. Additional pushing of the plug into the housing results in the fiber continuing .
to slide into the element until the tip of the fiber has gone slightly beyond the center of
15 the element. At this point, the connector plug body moves flush against the front face -
of the alignment receptacle. Continue pushing of the connector plug cap causes the
camming finger on the front of the cap to cam the element actuation flap toward the
element and attempt to close the element on the fiber. If the other plug is not installed
in the opposite side of the receptacle, the fiber clamping element will only rock over to
20 one side in pocket 68, and the beveled tip glass fiber in the element is not clamped.
The plug housing (e.g., 38) is pushed toward the receptacle until the latch on the
receptacle engages the tabs on the sides of the plug housing, locking it into place.
When the other plug (e.g., 16) is inserted into the opposite end of the
receptacle, its fiber protector bottoms out and guides the fiber into the end of element
25 90. Continued motion of the opposite plug into the housing pushes its fiber down the
V-groove in the element toward the tip of the other fiber. When the two fiber tips
contact one another in the V-groove, the compression spring pushing against the
sliding fiber collet in one of the plugs begins to compress, and the ﬁber tip is preloaded
to the desired load. The preloading of the fibers continues until the plug body of the
30 remaining connector plug moves flush against its end of the alignment receptacle. At

this point, the fibers are preloaded against one another in the element V-groove, but



2s This amount of opening is |large enough to allow a 125 [err] optical
fibers to be easily inserted fromopposite edges of the plates into the
fiber-locating V-groove 108. The fibers have approximately 15 to 25 [err]
of clearance between the two sides of the V- groove, and the mating fl at
surface of theygopossse plate. This anmount of clearance ensupgsthabohhe
fiber end faces (particularly bevel ed end faces) .cone into co act 'n 30
the V-groove without allowing the fibers to pass by one another at the
center of the V- WD 97/ 01785 -19-

PCT/ US96/ 08980 -13- groove during insertion. The hal f-funnel shaped fi ber

| ead-in feat ur esopelampe. eIt PRIEhoRNirl FIhEOhEF ugaaﬁldheﬁ&hma%%%%cﬁmer

the V-groove durin insertion process. \Wen used I n connector 10,
cl eaved and bevé¥ wsee%a@a%aéonﬁmemémwm%mw%ﬂem@mﬁm@m 90,

and their end faeféf?)ﬁg e PR r of
the el enent. The g@é”t‘g?’e er a %epé&%tﬁés'ﬁ@dﬁ b’?%mwgénﬁéﬁfﬁg‘lﬁf Sﬁﬂﬁ
| ongi-t udi nal | oadgag’ed,abpcmmmnbbtwe&melﬁbérexﬂ:ohip@ed.cau5| ng the reduced

area cleaved fiber end fa SoddC, el asti cal fl atten  agai nst one anot her,
reducing i nseftion | oss angeBALKmp Iléi’?"f desigp I“aﬁ’&"t%@ pull-Braof ¢ he

V-groove, the nqeahaRkiOperddobsiwetn EQ'SSBSH%%dgg@E&?gﬁﬁuﬁ‘ﬂ)e’ﬁhésggm her

(as with el enent 66) causing plates 92 an 4 to Tnitl pl vot about
the pivot wire, Semgorentshave mating flexiblefingers thps sngage nue antocher when the piugbedyput  of

2822 thaet @;eaoyﬁgﬂfﬁg&s %ﬁgf“ﬁ""&&@l;gr ooV a%dﬁ?‘f’g ﬁ%eg%ﬁ:gk f@%fﬂpgga rt}Qnd
the fibers alignment receptacle, and make the 900 pm plug end of the connector pull-proof. This
10 pull-proof feature could also be provided on the other end of the connector, but the
plug body would have to be lengthened to accommodate a bow in the fiber between
the spring-loaded collet and preload assembly and the back end of the connector plug.
Although the invention has been described with reference to specific
embodiments, this description is not meant to be construed in a limiting sense. Various
15 modifications of the disclosed embodiment, as well as alternative embodiments of the
invention, will become apparent to persons skilled in the art upon reference to the
description of the invention. It is therefore contemplated that such modifications can
be made without departing from the spirit or scope of the present invention as defined

in the appended claims.



are clanped. Additional closing of the tops of the el enent '
causes the plates to be in full contact with the fiber, andﬂ'@lﬁmﬂgmmﬂm‘llll
contact with the hinge 15 wre. The clanping force in the t#becsprimg ROw
accurately controls the clanping forces on the fibers. In theory, any |evel
of cl anpi ng f on d be accurately provided on the fibers l.Zl t he
tube spring tov‘gﬁ%‘i\i“ii g this force; a force of about 44.5 N (1%’@3@’%
preferred. If the fibers were slightly different in dianeter, the tube
spring advantageously would el astically defggmslightly nore at one end

than at the 20 other to acconmodate fiber diameter m smatch. Thus el enent
90 is particul arlgLAms:ul in bare fiber connectors such as the present
invention that utilize axially prel oaded cleaved and bevel ed fibers.

Cl anpi ng el enent 90 has a Aufipérticlsfopaligningand securing terrhipalenidsafitwg optical

al um num el enment egl when used in bare fiber connecting

applications. In ﬁt%ﬁg’ %ﬁﬂdgﬁlgient Fi brl ok el enent, the hinge and the el enent
are integral and nmade of t ladirsphare neinberihaving kibéridoftacligssulfadtond aiedgae

current elenment requires that the, elenment mgterial be very ductile
initially, andgthen be abl ésﬁ?"a&m"ﬂ&’?‘geé&a%gﬁﬁb%@at%%rfm%ammgét

properties over Heasfoné ¢fiaaidfbsracifachhg mh&nmvﬁﬁh%béﬂ-ﬁkéiﬁn%&gomm of
I in thi esl gn.

materials that are available for making the el enent In the

new two plate el ShEgip, and sgiddibgircantacting pusface pEsaid first pjata membenbeing positigned he
el ement pl ate matgr.i : e | SO i f t desi.abl e
properties for f a%[aib%gts?l g %b?gcogﬁcﬁ%?ghat e s%ésglgcsg&%g %a?%?’g'g?er W“%\xb" 5%%785
PCT/ US96/ 08980  said first plate member generally aligned with said edge of said second plate member;

10 and

means for clamping said plate members longitudinally along said edges
thereof.

2. The article of Claim 1 wherein:

said first plate member has an outer surface, opposite said fiber-

15 contacting surface thereof, and said outer surface of said first plate member has a
groove therein extending longitudinally proximate said edge thereof:

said second plate member has an outer surface, opposite said fiber-
contacting surface thereof, and said outer surface of said second plate member has a
groove therein extending longitudinally proximate said edge thereof: and

20 ~ said clamping means comprises a split tube spring having first and
second edges engaged in said grooves on said outer surfaces of said first and second
plate members, respectively.

3. The article of Claim 1 wherein at least one of said plate members is
tapered in thickness toward said edge thereof, and said plate members are spaced apart

25 at ends opposite said edges.

4. The article of Claim 1 wherein at least one of said plate members is
provided with fulcrum means allowing said plates to pivot along an axis which is
generally parallel with said fiber-receiving groove.

5. The article of Claim 1 wherein each of said plate members is

30  constructed of a material having a coefficient of thermal expansion less than 12 x 106
inches/inches/°F.
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-14- for abrasion resistance and hardness to prevent fiber
t he V-groove area, for ease of cleaning, for |ow coeffici ent”“l'ﬂﬂﬂﬂa"lﬂ"ll””"l

expansion (less than 12 x 104 inches/inches/[err]F), and *resi stantesto*
chem cal attack. Wth this design freedom a nuch w der range of el enment
nmaterial s can {@ s#ppmsdered. Some materials which may 5 haveddgsbbabi.e

properties for elenment 90 include stainless steel, titanium ceram CS,

gl ass, and possibly sonme | ow CTE, high stiffness poI ynmers. Elenent 90 may
be easier to fabricate than the existing el ggent because the required hinge
formng and folding process is elimnated, because |ess material nust be

di splaced in the forning pB%clééFblBﬁWﬁ&mh@ﬁd%ﬂaﬁBﬁ mehdsGroviddsld De
more robust and easier to clean. The separate 1 ‘i)rl ng 1's expected

to provide nore wpAecisslyeonirelled l@ﬂ&l?pﬁﬁgdﬁmebf@véhowmw mjsgfw(b!iaf&re
cl osed over a %Btl
capabi | i t/y forWIprovﬁ{s?s{f:ggjt(ﬁ{t %em % 4 T ber %%q%bl ng *%g’éééﬁgir%@he fiber

even.if the el ensivercome sdid slaniping mekmsr than is required. I'n the pr| or art

el ement design, over-cl osi t cause the hinge t.o etch or
distort which tnitially prggme l‘%"e&;ﬁ %'m"FF si‘t’ﬁiﬁfﬁqhﬁ“bfeﬁsr

subsequent cl osi rupposxtehaddugmérb@madwsaaenesaﬁaepacsﬂ pendfarpdPiRuRtiR r ecafa"to
clanp the fibers in the V- gr oove, AIthough t he new el enent concept has been
desi gned for pri A& PR £ ofgaid pls t eefbesnare complataly abmting ere anstirn| i n
splicing applicati ons . eg, Tﬁ%&é‘@f@ﬁﬁf@ﬁﬁ% i nterconnection of optical
fibers. The prior alum num el ement 1n the Fi lflok 20 splice changes its
length with tenperature vastidfirsbplate mpmber has ah oufepsusfice, oppesite said fibers | ber end
faces to nove , p I I S

| engt h during earrctr:‘)’;e'r g@%r%?%é}ctfl&g&tQ@ﬁgﬁﬁb%g&%ﬁg%ﬁlﬁﬁr& ?A%%Egﬁ%ﬁ{éggi ber
end faces i s al sqgroove therein extending longitudinally proximate said edge thereof:

said second plate member has an outer surface, opposite said fiber-
contacting surface thereof, and said outer surface of said second plate member has a '
groove therein extending longitudinally proximate said edge thereof: and
15 said clamping means comprises a split tube spring having first and
second edges engaged in said grooves on said outer surfaces of said first and second
plate members, respectively.
9. The article of Claim 8 wherein said ends of said plate members are
spaced open at an angle in the range of 1° to 8° when said edges of said plate members
20 are completely abutting one another, and said fiber-receiving groove is sized and
spaced allowing sufficient tolerance to insert a fiber therein when said ends of said
plate members are so spaced open, but said tolerance of said fibér-receiving groove
still being small enough to prevent endfaces of two beveled fibers from passing each

' Ny
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other within the groove.
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believed to cause the index matching gel used in the spli c ljlutl“"eﬂmwml
the ends of the fibers, and possibly create air bubbles or

particles in the gel between the 25 fiber cores and bl ock song trandnmitted
light. An elenent material with a very | ow coefficient of thermal expansion
woul d thereforgdgepgpeficial in elimnating the potential fQicffdbsEdel ON
and associ ated formati on of gas bubbles or conveying dirt particles between:
the fiber end fiaces at the core region of the fibers. There have al so been
instances in which the initial yield of assggbled prior art splices has
been reduced 30 because of manufacturing dirt or debris in the fiber

cl anpi ng V-groove in the al0in regeptaiefoe hitercaiine@ing w6 loptisdl ibers) Tompssimnt 90,
constructed froma material,that WD 97/ 01785

PCTI US96108980 - 15- coul d $hQu§ing; and nore rigorous cleaning without danage
to the V-groove, would mcggﬁ,’ﬁgmé l&ﬂd%%ﬁﬁm %Fﬁ&ﬁa@émggg@gﬁt age of
u

| ow | oss splices produced. Bec the w de range ate
mat eri al s t hat amiupmsalﬂmeplmmnthéima@sr-gommmmrfape ian eflge aadpnendad

e ator oft ; oFRBE i Begpehoteond bRt iibet Blso Phing 8 Aftr-coyrestine gerfice aan, |

appl i cati ons. gd% efhd hd eﬁmeypoanssuimedge%t 148t taTsaid fib&Lcontadiing Rthdes
applications with hoth_fi ber S in ert |ntoth ends of ,the

receptacle. In th{%“%%ﬂmng Rev Wlx‘raéeé‘ﬂ Sbsrecontactinguripgsiof gaid o
an external ly pr M?ﬁté&ﬂenﬁ%%ﬁ?ﬂoﬁﬂx&ﬁﬂﬁdﬁ&% sdidBbiplcomtabting sifacof bdid er nal

cavity that snap fits over a nounting
second plate member with said edge of said first plate member generally aligned with
10 said edge of said second plate member, and first means for clamping said plate
members longitudinally along said edges thereof such that said ends are spaced apart in
an open position; and

second means in said housing for clamping said end of plates together

to move said clamping element to a closed state.
15 11. The receptacle of Claim 10 wherein:

_ said first plate member has an outer surface, opposite said fiber-
contacting surface thereof, and said outer surface of said first plate member has a
groove therein extending longitudinally proximate said edge thereof;

said second plate member has an outer surface, opposite said fiber-

20 contacting surface thereof, and said outer surface of said second plate member has a
groove therein extending longitudinally proximate said edge thereof; and

said first clamping means comprises a split tube spring having first and
second edges engaged in said grooves on said outer surfaces of said first and second
plate members, respectively.

25 12. The receptacle of Claim 11 wherein at least one of said plate
members is tapered in thickness toward said edge thereof.

13. The receptacle of Claim 12 wherein said ends of said plate members
are spaced open at an angle in the range of 1° to 8° when said edges of said plate
members are completely abutting one another, and said fiber-receiving groove is sized

30 and spaced allowing sufficient tolerance to insert a fiber therein when said ends of said

plate members are so spaced open, but said tolerance of said fiber-receiving groove
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10 post 116 on a flat plate such as mght be found in the bott

connector storage/fiber managenent tray 118 as shown in Figure %mlmwﬂ”"””ll”“ll
out si de shape of this tray nount connector enbodi nent has been képt‘fast * s *
smal| as possible so that connectors can be positioned adjacent to one °

anot her and o very | east amount of volume. Tray 118,m tain

up to 4 conneg‘?glragl?ﬁgsts 116 are hollow 15 so that a pin If@é %Bg/g may be
inserted through the hollow portion to lift the connector off the post and

out of the tray for easy access to an indiggdual connector. This systemis
particularly suited for fiber-to-the-hone applications. In the design
illustrated in Fsitmllbéﬂg shalfferidgh & pravaf eA8fcdsF fo Bivildd ﬁMﬂéxh%ﬂss&?%&?ded

but the fiber in the 900 [err] plug is mounted in the plug solidlly, and

woul d not be sprothey withinthe groave.hough the two 20 plugs of Figures 1-4 are

of .different designs, the s | east one

pl ug contai ns neans for p%g%ﬁ:ﬁé@%@?ﬂiﬁﬂ;ﬁ gg%#’g&ﬂ%ﬁé%;&ﬁg?.ﬁ%%ﬁe devi ce
preferably subj emntactihgsurfacesiofisdid plate irembers if providedf wither wiré-receiving groose si ve

| oad of at |eagst_0..09 N. e | nterkor. tray.118 mm ovided.wi th one
or nore spool f%ﬁ%?&??%%{}%gglém i‘ﬂég’%’rfaﬁ%"mﬁlﬂﬁ‘ §PUPRSRE He
provi ded which siié€locsted i saidearoTedeivitigSiroodR, salibkicktsk sufficendlyiargetdlictfa@or (not
shown) so that igdi Vi 94‘ fipers may, be separately wound onto the spools

and | ater access latesdo Rivetalangan s¥is defined Bk 83id wires i ber, wi t hout
mani pul ati ng (and possi bl ﬁSQPmegﬁH]ghbélaﬂﬁ pehhicgdi vi dual fibers. Figure 7
0

illustrates anot her enbodi ment 120 t he connector of the present
i nvention, configured w t Isaidhoesinganchudes 3 bgse ojemberi and a gapmembey whichige 122

havi ng 30 nount i Rf] QB é;ﬂﬂﬂgg . unted. on. a, connect ar, panel
(not shown) that 1S pigfat%%@éﬁ er |%§ﬁ%u%%d5‘§usg&ﬁr%ﬁg“ﬂg a"ﬁgﬁ%ﬁﬂsﬁgﬁﬁ{i
connector 120 rmeglathping elsmentmperdreleasing said cap member; and

said clamping element is removable from said housing when said cap

member is released therefrom.
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\(;“r!]) SZQ?QZBEpaCi ngs that enable easy finger access to indivi d“ﬂﬂmmammﬂﬂml

wi t hout disturbing adjacent connectors or their fibers. Fi gures “14'any 687 *
illustrate designs according to the present invention which are useful for

connecting di sqy@bposhasdPer s mounted in individual connector plygsys ”gkgure
8 illustrates another design in which two discrete connectors simlar to
connector 10 have been unitized to create a duplex fiber connector 130. The
connector plugs 132 and 134 in dupl ex connegior 130 contai n dual
spring-loaded fiber protectors, fiber preloading nmeans (springs) and fi ber

clanpi ng means (collets). TheA rhcgptacle fop imercommectingtevb RGtical fibes; eBinpAsifg: 136
contains two alignnent el enelg%g. and two 10 ets of entry ports for the
internal fiber-guiding por#8FBmengelemeat moyablebepwrsp epenandislasedstatenand i per

spacing for this ' f ' niectiBR i | gns
o1l‘o Fi ggres 14 and 6- ﬁgarlgﬁl)DLUG %%{e@%ﬁfu%égggggﬁgﬁﬁpﬂg&\ever, Ty%@ al so

be possible to d&&teyn a connector according to the present invention that

uses the sane 4 nterconnect| t P S ., HOUSL PLUG des.i.gn,
but that woul cf have one ofhpﬁ“e’ﬂ%r %gdsja%@?‘ﬁ%&g@’r??‘{“ ‘.“ﬁi"e"afest“éa"“'\%“a‘"ﬁﬂgwd
central housi ng. hsing intlydiag @ base onenbet nfdﬂﬁh@manbéﬁvhii:lli&de!bl xabig aftadRed fo ANDI
SOCKET design and,.,as illustrated in Figure 9, generally conprises a single
plug 142 simlar S%b‘led@m&tﬁ'éf“d Pﬂlgﬂo}ggglg@p{g‘ft agoess ooid-Alamning eleragnt ppem g

and alignnent el eéBRing IR meMB&! dddld digise Qémdnb Beiftf Fbﬁ{ovphyﬂoﬁ'skﬁd
conbined into a single 20 unit. Connector 140 is particularly useful for

t hose appl i cati oheusing Whencsaidiqap member is released therefrom; and
10 means in said housing for actuating said clamping element.

17. The receptacle of Claim 16 wherein said clamping element further
comprises:

a first plate member having a fiber-contacting surface, an edge and an
end opposite said edge;

15 a second plate member also having a fiber-contacting surface, an edge
and an end opposite said edge, at least one of said fiber-contacting surfaces having a
fiber-receiving groove formed therein and said fiber-contacting surface of said first
plate member being positioned adjacent said fiber-contacting surface of said second
plate member with said edge of said first plate member generally aligned with said edge

20 of said second plate member; and

means for clamping said plate members longitudinally along said edges
thereof such that said ends-are spaced apart in said open state.

18. The receptacle of Claim 17 wherein:

said ﬁrst.plate member has an outer surface, opposite said fiber-

25  contacting surface thereof, and said outer surface of said first plate member has a
groove therein extending longitudinally proximate said edge thereof:

said second plate member has an outer surface, opposite said fiber-
contacting surface thereof, and said outer surface of said second plate member has a

groove therein extending longitudinally proximate said edge thereof:
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rearrangenent occurs only on one side of the connector (in fn

panel for exanple). The fiber on the other side of the conne mmm“““ HIIIHIII'
the panel) is permanent and woul d not be rearranged. nmbi ni ngr one of

plugs with the alignment housing to create a connector socket reduces
connect or partyeQy the size of the connector, 25 and pot ?4

cost of the connec’?g'?é As used in the clains, the term"recege%a)g M
enconpasses both the dual plug receptacle 12 and socket 144. Use of any of
the foregoing connectors is straightforwardysWen the fibers have been

bevel ed, cl eaned, and inspected, they are installed into the connector

pl ugs. Beveling may be accemhmlatﬁ%onﬁmcsmgnsesusmﬂaﬂe*}srﬂm'vﬁ gfiReadd bed in
U.S. Patent 30 Application Seria 08/ 122, 755. This 1s done by first

i nstal | i ng one ofsesond eﬁmeyswémd@o@mwe‘Mmg@weppmﬁrmMm ni ng

a boot) into a SW“‘@&}, WO 97/ 01785
PCT/ US96/ 08980 - 17 I xture. |s tool (not shown) woul d provi de neans

for 1) guiding the prepar edtleasonc dfisaid platecmernbenssis tapereg innhickatss foward shidg a
| engt h stop for t%gé h%ePe gf he fiber so that the correct amount of bare
gl ass fi ber ex st SBF & e connect or pl ug, and 3) actuating the collet

internal to the connector ptu@tbmmsdeplatmahwmsgmvmeathﬁu&aﬁxdauttier and
5 secure the fiber ||:1to t.h g conne(:tﬂ'(i%n pl ug, wi_ t hqut the use of adhesives or

crinmping tools. Sftp pEpt 3iaﬁ§§‘|5tv®éf i 8eoeily parallel with paidfibesi ng

strain relief boo,tece,ﬁﬁgg,wee boot is slid down the fiber and out of the way.

A fully assenbl ed conneCtor plug is then be
19. The receptacle of Claim 18 wherein:

10 said clamping means provides a precisely controlled load along said
edges thereby allowing said ends of said plate members, opposite said edges, to be
clamped together by a force sufficient to overcome said clamping means;

said ends of said plate members are spaced open at an angle in the
range of 1° to 8° when said edges of said plate members are completely abutting one

15  another, and said fiber-receiving groove is sized and spaced allowing sufficient
tolerance to insert a fiber therein when said ends of said plate members are so spaced
open, but said tolerance of said fiber-receiving groove is still small enough to prevent
endfaces of two beveled fibers from passing each other within the groove.

20. The receptacle of Claim 19 wherein each of said plate members is

20 constructed of a material having a coefficient of thermal expansion less than 12 x 10
inches/inches/°F.
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| oaded into the installation tool, and the cl eaved and bevel ed end of the
fiber is inserted into the back end of the connector plug. The fiber is
pushed toward the fiber protector 10 end of the connector until the bevel ed
tip end of the fiber contacts a stop gauge located in front of the slightly
retracted fibe tor. Wth the fiber in the desired posi

craftsperson oggggﬁgéga handl e on the installation tool mhichhggggT*€$
forces the collet into the collet housing, and permanently clanps the fiber
buffer in the connector plug body or ig.ghe spring |oaded coldet assenbly,
dependi ng on which style of plug is 15 ﬁeing assenbled. It i $deef®d
preferable to use the connectors of the presgnt i nvention insconjunction
with optical fibers whose end faceg have bee@ bevabed. ¥The Heve
preferably about 45[err], i.e.,_gﬁ”included gl e
al t hough the included angl e may be T therange—af
Beveling | eaves a flat, central_area on_the end
pref erabl e di aneter of between 3 ¢
angled, i.e., non-orthogonal t¢ the axis of the fibg 8 Hack
reflections. The connector plug—N\s—Tenoved frqh1tq§{ AnQrdar
menbers (Keviar strands) can be gﬁpured direc@ly to the pN\ug -ooynofaég?

900 [err] style connector plug ustng standard=crinp rixgs, @tc. Tfe
[err] connector plug design 25 could also be used with i Morced ca
types, but the plug body woul d have to be extended to aldow for a bow in
the fiber between where it is clanped iQDth7 spring- ‘1 oaded collet, and the
back end of the connector. This fiber ba¥® ng region is necessary because
the spring | oaded collet is pushed back inythe connector body agai nst the
0.9 N (0.20 I b) preload spring to cteateA%e desired | evel of conpressive
prel oad on the 30 fiber tips. A |onger

provi de enough i nternal




space to accommodate the additional fiber Iength, as a fiber bow, when the
fiber is WD 97/ 01785 _

PCT/ US96/ 08980 -18- rigidly clanped at the back of the connector plug, and
t hen pushed back inside the connector during insertion of the plug into the
housi ng. The f{RfdeeiseP i N the fiber installation procedure ipgrhRedidsvde t he
strain relief boot back up the fiber and press it onto a hol |l ow post

t hrough which the buffered fiber passes in the back of the 5 connector
pl ug body. As noted above, the buffer CO'E?E cl anps can be di sengaged and
the fibers can be renoved in the event th a fiber breaks inside the
connector and needs to be replaced or re-cleaved and bevel ed. The connector
pl ugs woul d then be ready f i ion into a connector receptacle or
socket. The first plug (e.gj, 14) ¢g inserted into the receptacle until the
10 fiber protector enters iinto and bottons out in the sdiket in guide tube
64. Continued notion of thefplug causes the fiber protectjpr to slide back
into.the plug body agai ngd tfhe conpressi on spring, an cl eaved and
bevel ed fiber to enter tHe~¥ groove in the el ement. Additffonal pushing of
the plug into the housing regsults in the fiber contiguingjto slide into the
elenment until tlk®@ tip of they fi ber has gone slightlyﬁQgX d the center of

15 the elenment.” W this pdijnt, the connector pl ug bo fl ash agai nst
the front face of e- afftgnmert—j ecept acl e. Cont i Pug| f e
connector plug cap gaus#g the cagm ng finger on the f he cap to cam
the el enment actuati®i qp tlowar gl t he (‘}')-—
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el ement and attenpt to close the elenent on the fiber. If the other plug is
not installed in the opposite side of the receptacle, the fiber clanping
elenment will only rock over to 20 one side in pocket 68, and the bevel ed
tip glass fiber in the elenment is not clanped. The plug housing (e.g., 38)

i s pushed towa eceptacle until the latch on the recep es
the tabs on thgﬁg?ggggof the plug housing, locking it into place.maﬁ%%gthe
other plug (e.g., 16) is inserted into gy opposite end of the receptacle,
its fiber protector bottons out and guides the fiber into the end of

el ement 25 90. Continued notion of the opposite plug into the housing

pushes its fiber down the V-groove in the el nt toward the tip of the
ot her fiber. When the two fiber tips contacy fone another in the V-groove,
t he conpression spring pushing against th jding fiber collet in one of

the plugs begins to conpress, and the fib tig is preloaded to the desired
| oad. The prel oading of the fibers conjgugs until the plug body of the 30
remai.ni ng connector plug noves flush \\-ﬂ its end of the alignnent

' f

receptacle. At this point, the fiber\8s—p)el oaded agai nst one another in
the el ement V-groove, but WO 97/ OL B

PCT/ US96/ 08980 -19- not cl anped. Thg Qousi ng of the ogher plug would
now conti nue to nove which woul d caug¢ Z4#5 & tuation,fingeéﬁéo nove into
the center of the housing and camt ye¢ &/Znef? cl osed ont qx pr el oaded,
stationary fibers. Wien the latch f t he ot her plug engggﬁu, t he
connection between the fibers is

34



5 The 900 [err] plug 16 has been designed with an optiona
pul | - proof feature that operates between fingers on plug body 50 and gui de
tube 64. These conponents have mating flexible fingers that engage one
anot her when the plug body fully enters the 900 [err] end of the
receptacle. Thgfotjagers |ock the plug body to the ali gnrrengrﬁ.&ﬁﬁ l e,
and nmake the 900 [err] plug end of the connector pull-proof is 1

pul | - proof feature could also be provi dedd4fn the other end of the
connector, but the plug body woul d have to be | engthened to accommobdate a
bow in the fiber between the spring-loaded collet and prel oad assenbly and
t he back end of the connector plug A Prgagh the invention has been
described with reference to speci N this description is not
meant, to be construed in a limt}

di scl osed enbodi ment, as well ag
w || becone apparent to persong
description of the invention.
nodi fications can be nmade w} \ tYe spirit or scope of the
present invention as defineg { Y5 REPLACEMENT SHEET
-20- CLAIMS: 1. An articl ef~ ( Nng\term nal ends of two
optical fibers, conprisi /

3\ e bodi ts of the invention,
Killed in tRe axt uwgon reference to the

1i




a first plate nenber having a fiber-contacting surface and an edge; 5

a second plate nenber having a fiber-contacting surface and an edge, at

| east one of said fiber-contacting surfaces having a fiber-receiving groove

formed therein, and said fiber-contacting surface of said first plate

menber being b s d adjacent said fiber-contacting surf j

second pl ate ﬁgﬁggﬁﬁﬂfth said edge of said first plate nenbggegg%3@§*€y

aligned with said edge of said second plate nmenber; 10 and neans for

cl anping said plate nmenbers |ongitudinal$ al ong said edges thereof. 2. The

article of daiml wherein: said first plate nenber has an outer surface,

opposite said fiber- 15 contacting surface thereof, and1§$jd outer surface

of said first plate nmenber has a groove ther®rs, extendi ongi tudinal |l y

proximate sai d edge thereof; saii«—;’i henber bzg an outer surface,
ace.t her eof

|5 and said outer surface of
S f,ﬂaerein e
e

tending longitudinally

sai d cl anpi ng neans
gecond edges engaged in said
d&Bnd pl ate menbers,
al. | east one of said plate
, and said plate

4. The article of

grooves on said outer si
respectively. 3. The ar
menbers is tapered in thi
menbers are spaced apart 2
Claim1l wherein at |east one

fig.7




| oSS i-h

’
pr ovi | means allow ng said plates to pi al 0 n axis
whi chﬂiﬁl%ﬂﬁ“ﬂlﬂ]mm lel with said fiber-receiving 8%% CEMENT SHEET
article o alm rein each of said plate nenbers is 3 onstruct ed of
a material having a coefficient of thermal expansion |ess t 12 x 10[err]

i nches/inches/[err]F. -20- REPLACEMENT SHEET -21- 6.

The article of Caim3 wherein said clanping neans provides a precisely
controlled | ogl.A@MBI1g said edges thereby allowi ng said ends of said plate

menbers, opposite said edges, .to _be clanped together _ by a fqrce sufficient
to overcome said clanpi rig%ﬁ’eaéﬂ'%l? fog aligning and secunnqumqq%ergﬁtofgmogfp aim4

wher ei n each ' nmenbers has an end opposite said edge thereof,
and said ends%gﬁéﬂé%na@gsg;ggpen at an angle in the range of 1[err] to [err]

when sai d edges of sai d afirat plateendmbes having a dibpd-edntdcting sutfideragd anedgenot her .

8. The article of Cdaim6 wherein: said first plate mepber has an oyter
surface, opposite said faH?&?'-“{ng‘e'EHg]?eé@ﬂnﬁga FP-cRMaqting surfice ag &“§§$%Iat

TS a8 SO S BB g RE M GO 10
out er surf ace thevgippand sidGbeat-dontasting swfdce of said) fisst platecmembenbeng, positidnehi d
ongi t uch nal | PBFERHEL DeCAPRIBESCEr LR Srgnd late Tember with aid edge of *
said first plate member generally aligned with said edge of said second plate member;
10 and '
means for clamping said plate members longitudinally along said edges
thereof.
2. The article of Claim 1 wherein:

said first plate member has an outer surface, opposite said fiber-

15 contacting surface thereof, and said outer surface of said first plate member has a
groove therein extending longitudinally proximate said edge thereof;

said second plate member has an outer surface, opposite said fiber-
contacting surface thereof, and said outer surface of said second plate member has a
groove therein extending longitudinally proximate said edge thereof; and

20 said clamping means comprises a split tube spring having first and
second edges engaged in said grooves on said outer surfaces of said first and second
plate members, respectively.

3. The article of Claim 1 wherein at least one of said plate members is
tapered in thickness toward said edge thereof, and said plate members are spaced apart

25 at ends opposite said edges.

4. The article of Claim 1 wherein at least one of said plate members is
provided with fulcrum means allowing said plates to pivot along an axis which is
generally parallel with said fiber-receiving groove.

5. The article of Claim 1 wherein each of said plate members is

30 constructed of a material having a coefficient of thermal expansion less than 12 x 10

inches/inches/°F. REPLACEMENT SHEET
28 DEC 1998




15 ' | anpi ng nmeans conprises a spli bR SPK hRQPav
first elmlmeuu““"ﬁmyﬂuﬂengaged I n said grooves on sal%mépﬁgﬁ/’%&tg}é&-’-
said first tand stcohd *pl ate nenbers, respectively. 9. The article of Claim
8 wherein said ends of said plate nenbers are spaced open at an angle in
the range of 1[err] to 8[err] when said eddés of said plate nmenbers 20 are
conpletely abutting one angther, and said fiber-receiving groove,is sized
and spaced al | owi ng suf f Pet bharticls|af Claime whereingaidclamping means PEQAdes dynen
sai d ends of sajd. 87 Ans) : 3SAl ce of
said fi ber-recg*%}s%%ﬁgove §§‘?FPE§§§§§%%&%&%@%§§%@;& %ld;e?lg\g%#t&kog ! aces of

two bevel ed fi netrbefs; oppgsits saidgdgescto et diamped toféthertolya forceaufficieREtdl ACEVENT
SHEET 28 DEC 1998 -22 A receptacle for interconnecting two opti cal

- 10.
fibers, conpri S¥FGOMESH G?F'}Pg'}g B¢¥Panpi ng el ement | ocated in said housing,
sai d clanpi ng el ement inej 4 Bgick Jﬁcaé’ﬂ'n @W%g@@ﬁ%hﬁ%?bgésg%asagmd

fi ber-contacting surface, an edge and an en opposite sal
second pl at e neppasiteshisedge thenepf anki shidrendo atezpided @ peniatf ancangledm thecrgageanfdl °an

end opposite sai g, edge, .at | east .one of said fiber-cqntacting surfaces
having a fiber? gcggg'? F&'ng i858 @ %‘%Pﬁ&jﬂ‘m Gr8 AT¢ CoRtpletely GW‘P’E)%&-"CW%FEH ng

surface of said 8. The article of Claim 6 wherein:

said first plate member has an outer surface, opposite said fiber-
10 contacting surface thereof, and said outer surface of said first plate member has a
groove therein extending longitudinally proximate said edge thereof,
said second plate member has an outer surface, opposite said fiber-
contacting surface thereof, and said outer surface of said second plate member has a
groove therein extending longitudinally proximate said edge thereof; and
15 said clamping means comprises a split tube spring having first and
second edges engaged in said grooves on said outer surfaces of said first and second
plate members, respectively.
9. The article of Claim 8 wherein said ends of said plate members are
spaced open at an angle in the range of 1° to 8° when said edges of said plate members
20 are completely abutting one another, and said fiber-receiving groove is sized and
spaced allowing sufficient tolerance to insert a fiber therein when said ends of said
plate members are so spaced open, but said tolerance of said fiber-receiving groove
still being small enough to prevent endfaces of two beveled fibers from passing each

other within the groove.

REPLACEMENT SHEET
2¢ DEC 1998




first plate nmenber being ent said fiber-contacting surface
ofr said second pl ate nentlyﬂ'lll”l““ﬂﬂ”ﬁ”!ﬂﬁe of said f'RE{PIPani\J’EWFm‘»HEET
er-at e pETh 10 © séi dtedbe Sof *sai d second plat e menber, and fiT st
3 : H-sa d plate nenbers longitudinally along said edges
t heqedt such that shifl ends are spaced apast- i n an open position; and
secqnd rfzgngg'{;rlggaai ] housing for clanping said end of plates together to
¢ qai d clanping ¢l emerd. A fecéptatlo Sstdntercinfectihg two optical fibers, corgrisingne

£

r ecdptrerete—of—C=arm 10 wherein: said first plate nenber has an outer
sur flace, opposite sai 13 BRUSINgG ont act | ng surface thereof, and said outer

surface of sard first plage peogher I i cYol
| ongi tudi nal Iy proxi mat egélgﬂ e Fécéx"{aﬁg.}cgtoe?;lggélggbgéﬁc%ﬁgd%ﬁﬁ%@%@t has an
out er sur f ace inchpding a fiestphitel nfeniber havdfy a fbat-contictigg SurficeCan édperand fn endhd

said outer surface of sajd secon | at e nenmber has a _groove therein
extending | %n@waﬂrmqs §A$r Bi?“ﬁ&a e%é%m"@a@@se heriagpt ,ﬁg%rn@ngaapas pyrfage, an

Clanpi ng. MeansqGeuRd by €7 Bortdlek Saill WiEe, PIdCodd DAY dlef-BomBlithg SEARA edges

engaged in said-grooves on sald outer 'surfaces of sal S second
pl at e menber s, havingpdfitieraredejving’groove formed therein and 2aid Hber-tetaningcurfacafof Gaidi m

11 wherein at | east one of said plate nbers.i g, tapered in thickness
toward said eoéjé‘ @#smbeiémsweswee@p@ﬁeet id Bperrdaniasting, Sirtac °Eéﬁ‘ ends
of said plate [ F&pg@ ] to
8[err] when saélgg e dggﬁ%@ﬁ?ﬁﬂgﬁ@@&%sﬁﬁéﬁgm%f § y a ‘uétﬁhéndg%e
anot her, ano ssaidledgelofisaidseeindi pigte grembee, and firstaneans for clamipisg saié glated | owi ng

sufficient tolerance to.,insert .a fi r .therei n, when sai.q ends of said
members 1ongituginally along sa?g edges L[xereof such I&xat said ends are spaceg apart in

an open position; and
second means in said housing for clamping said end of plates together
to move said clamping element to a closed state.
15 11. The receptacle of Claim 10 wherein:
said first plate member has an outer surface, opposite said fiber-
contacting surface thereof, and said outer surface of said first plate member has a
groove therein extending longitudinally proximate said edge thereof

said second plate member has an outer surface, opposite said fiber-

20 contacting surface thereof, and said outer surface of said second plate member has a
groove therein extending longitudinally proximate said edge thereof, and

said first clamping means comprises a split tube spring having first and
second edges engaged in said grooves on said outer surfaces of said first and second
plate members, respectively.

25 12. The receptacle of Claim 11 wherein at least one of said plate
members is tapered in thickness toward said edge thereof.

13. The receptacle of Claim 12 wherein said ends of said plate members
are spaced open at an angle in the range of 1° to 8° when said edges of said plate
members are completely abutting one another, and said fiber-receiving groove is sized

30 and spaced allowing sufficient tolerance to insert a fiber therein when said ends of said

plate members are so spaced open, but said tolerance of said fiber-receiving groove



pl ate ne ﬂ"ﬁrﬂllﬂmﬂﬁmed open, but said tolerance of said )
fiber-re -23- still being snall enouﬁ?%%{%féd’n%ﬁ&‘f
of two beVeled fileré ffom passing each other within e groove. 14. The
receptacle of Claim13 wherein at | east one of said fiber- contacting

surfaces of said plate nmenbers is providegs.with a wire-receiving groove S
which is generally parallel with said fiber-receiving groove, and further

conpri sing a %thﬁ‘eix{%)&ﬂﬂ?&ohg\ RArEvelt ERIFECRS BF MhdTkkvele@ Fbers from fassing @adle
sufficiently l'arge To act as a fulcrumto allow said plates to pivot along
an axi s defi nethebwitbiaithe gioowe. 15. The receptacle of Caim 14 wherein: said

housi ng i ncl udes a base er and.a r_whi I S| :eleeasabl y
attached to said base m%gtpgg% regﬁtﬁ?%@ﬁﬂbnﬁﬁgwl\éﬂh%gﬁi o?xg@?s%xggggrz to said
cl anpi ng el enpgitastRufRtRdF 548 pht Hemibds $Rbaded Witlla Sdfecrecdivinp grapve| enent
is renovabl e from said housing when said cap _nenber is released therefrom
5 which is generally parallel with said fiber-receiving groove, and further comprising a
wire located in said wire receiving groove, said wire be sufficiently large to actasa
fulcrum to allow said plates to pivot along an axis defined by said wire.
~15. The receptacle of Claim 14 wherein:
said housing includes a base member and a cap member which is
10 releasably attached to said base member, said housing providing direct access to said
clamping element upon releasing said cap member; and
said clamping element is removable from said housing when said cap

member is released therefrom.
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(54) Title: FIBER OPTIC CONNECTOR ELEMENT

(57) Abstract

A device for interconnecting the bare ends of two or more optical
fibers (18, 20) uses a common receptacle (12) having a fiber clamping
element (66) therein and camming surfaces (70, 72) for actuating the element
(66), and at least one plug having a camming finger (74, 76) for engaging
one of the camming surfaces (70, 72). The camming surfaces (70, 72)
are located such that, when only one of the camming surfaces (70, 72) is
actuated, the clamping element {66) rocks to a side of the pocket opposite
the one camming surface (70, 72) and remains in the open state, but when
both of the camming surfaces (70, 72) are actuated, the clamping element
(66) is forced to the closed state. The plug inciudes a fiber protector (22)
free to slide within the plug housing (14, 16), substantially enclosing the
bare end of the fiber (18, 20) when the plug housing (14, 16) is removed
from the receptacle (12), but retracting when the plug housing (14, 16)
is ingerted into the receptacle (12) to direct the bare end of the fiber (18,
20) toward said guide tube (64). A fiber collet (26) biases the terminal
end of the fiber (18, 20) toward the forward end of the plug to place a
preload condition on the bare end of the fiber (18, 20). The connector (10)
is particularly suited for cleave-and-bevel installations. The receptacle (12)
preferably uses a novel clamping element (30) having two plate members
(92, 94) with fiber-contacting surfaces, at least one of said fiber-contacting
surfaces having a fiber-receiving groove (108). Edges (96, 98) of the plates
(92, 94) are aligned and held together with a split tube spring (112). At
least one of the plate members (92, 94) is provided with a wire-receiving
groove (100, 102) and a wire (114) therein which acts as a fulcrum to allow
the plates (92, 94) to pivot along an axis defined by the wire (114). The
split tube spring (112) provides a precisely controtled Joad along the edges

g4

112

(96, 98) of the plates (92, 94) allowing the opposite ends to be clamped
together (within the puide tube (64)) by a force sufficient to overcome the

controlled load of the split tube spring (112).




